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ABSTRACT 


It has been previously shown in this laboratory 
thee, the equatontal substituent in the 2*-position of the 
cyclohexyl aglycon of an a-glucoside plays an extremely 
important role in determining the population on each con- 
former. These results suggested that, by removal of 
hydroxyl group on 5-position of streptamine part of kana- 
mycin and changing it into methyl group, a relation 
between biological activity and chemical structure’may be 
obtained. 

As the first step of the total synthesis of such 
5-position analogs of kanamycin, the synthesis of 2,5- 
dideoxy-5-C-methylstreptamine was examined. The direct 
diepoxidation of 3-methyl-1,4-cyclohexadiene proved not 
useful. However, monohydroxybromination of 3-methyl-1,4- 
cyclohexadiene in aqueous dioxane gave as the main product, 
arabtno-3-methy1-4-bromo-5-hydroxycyclohexene and epoxida- 
tion of this compound gave mainly the epoxide trans to 
the methyl group. Therefore, it was possible to achieve 
the synthesis of trans, trans-1,4-diepoxy-3-C-methyl- 
cyclohexane from which, following Suami's procedure for 
the preparation of 2,5-dideoxystreptamine, 2,5-dideoxy-5- 
C-methylstreptamine could be prepared. However, the com- 
pound could not be separated from a minor (~20%) amount of 
the 5-epimer which has the methyl group in the axial 


orientation. 
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ie INTRODUCTION 


Kanamycin A, discovered by Umezawa et al (1) in 
1957, is an antibiotic active against a variety of the 
Gram-negative bacteria, especially against the mycobacteria, 
and now widely used as an anti-tuberculous agent. The 
structure was demonstrated independently by Japanese and 
American-Canadian groups (2-5) and the points of attachment 
to the deoxystreptamine residue were established by 
Rinehart, Tatsuoka and their associates (6). The compound 
has the structure la, in which 6-amino-6-deoxy-D-glucose 
and 3-amino-3-deoxy-D-glucose are linked in the a=form at 
C-4 and C-6 positions, respectively, of the 2-deoxy- 
streptamine moiety. Closely related structures kanamycin 
B (1b) and kanamycin C (1c) are formed along with kanamycin 


A in the fermentation broth of Streptomyces kanamycetticus. 
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Mis project was initiated as the first stage of an 
investigation of the role of the 5-hydroxyl group in deter- 
mining the biological activity of a kanamycin. Such an 
investigation seemed pertinent since it is well established 
ENaeetne aleiblorlce activity iO! va kanamycin 1s related to 
iiGeract Ons involving the amino groups = {hiseis clearly 
apparent from many observations which show that alterations 
of the amino groups nearly always lead to near complete 
loss of activity. The one notable exception is the semi- 
synthetic kanamycin A derivative known commercially as 
Amikacin (7). On the other hand, many deoxy-derivatives 
of kanamycin A have high activity (8-10). The exact mode 
of action of kanamycin A is not known but may be related 
to the special distributions of the amino groups. Thus, 
it can be imagined that the amino groups must be distribu- 
ted in space in such a manner that the protonated structure 
HhaSmasstronguand Speci fic=affinity- for a -polyanionic> struc— 
ture such as a nucleic acid at the ribosome level of the 
microorganism and thereby lead to a change in metabolism 
lethal to the organism. 

The conformational preferences for glycosidic 
linkages have been recently reviewed by Lemieux and Koto 
(11). On the basis of hard-sphere type calculations, it 
was Gdemonestratea that changes iin’the* bulk “of the R*and™k™ 
Groups (Structure 2) sin™the aqglycon, portion ofan a= 
glycopyranoside can be expected to Lead to substantial 


changes in the ¢ and yp torsion angles for the giycosidic 
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Pinkage. The @ angle is expected to be near #60° for reasons 
of the exo-anomeric effect. However, other values for the 

@ torsion angle may occur as the most favorable compromise 
between non-bonded interactions and the exo-anomeric 


effect. 


Thus, it could be expected that a change in either 
the hydration and/or the steric bulk of the 5-substituent 
of the deoxystreptamine residue of a kanamycin could in- 
fluence appreciably the overall conformation of the 
molecule and thereby have an important effect on the anti- 
Meecu@pila beactavuaty Ol tne compound . Therefore, it seemed 
of interest to plan syntheses of such kanamycin analogs. 
Such syntheses could be envisaged since Nakajima (12) and 
Umezawa and coworkers (13-15) have reported syntheses of 


the kanamycins and the methods developed in these labora- 
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tories should in principle apply to syntheses starting with 


a deoxystreptamine (3) modified at the 5-position. 


CH3 


HO 
OH 


NH> 


At the beginning of this investigation, it was 
planned to achieve syntheses of both 2,5-dideoxystreptamine 
(4) and 2,5-dideoxy-5-C-methylstreptamine (5S). Soon there- 
after, Suami and coworkers (16) published an extremely 
elegant synthesis of 4 starting from commercially available 
1,4-cyclohexadiene. Therefore, it was decided to model a 
synthesis Of 5 Sua (elayiicy eye eimersvelel, 

Craig, Harvey and Berchtold, an 1967, had published 
the synthesis of e7e6-1,4-diepoxy-cyciohexans (7) by peracid 
Oxidation Of the monobromohydrin derivative of the diene to 
form 6 in high yield followed by treatment of 6 with base 
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Suami and coworkers conceived of reacting 7 with 
hydrazine to form the cyclic hydrazino compound 8 which on 
hydrogenolysis should yield the desired 2,5-dideoxy- 


streptamine (4). 


HN 


OH OH 


¢ 0 
\o 


In view of the success of the method, it was decided 
to attempt the synthesis of 2,5-dideoxy-5-C-methylstrepta- 
mine (5) from the known 3-methyl-1,4-cyclohexadiene (9). 
Two approaches could be envisaged: (a) the direct 
diepoxidation of 9 and (b) the epoxidation of a monobromo- 
jahidebepiagh (ain 9. 

Although the diepoxidation of 1,4-cyclohexadiene is 


known (17) to lead almost exclusively to the trans-diepoxide 
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10, the stereochemical result of a similar diepoxidationof 9 
could not be anticipated with certainty. Presumably, the 
first epoxidation would lead mainly to compound 11 which 


has the epoxide ring trans to the methyl group. 
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Conceivably, the methyl group would have the domina= 
ting influence on the direction for the formation of the 
second epoxide ring and the desired diepoxide 12 would 
be achieved. 

The structure of the cyclic hydrazino compound formed 
on treatment of 12 with hydrazine would depend on whether 
the. initial attack by the hydrazine was at the 1- or 2- 
position. Assuming that the attack occurs at the less 
hindered 1l-position, then the overall course of reaction 


would lead to the formation of the desired intermediate 13. 


HN ——-————— NH 
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The second approach would require in the first 
instance that monohydroxybromination would yield a bromo- 
hydrin with the bromine atom in ets-relationship to the 
methyl group (either ke or 15). Formation of either 16 or 


= in high yield would render this approach without value. 


Br 
BU7\. OH HO Br | 
CUS Sc CH3 Oa: 
16 7 


14 15 
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An indication that the monohydroxybromination of the 
3-methyl-1,4-cyclohexadiene (9) would tend to yield struc- 
tures 14 and 15 was found in the recent work reported by 
Barili and coworkers (18) on the hydroxybromination of 
3-methylcyclohexene using N=bromosuccinimide. It was found 
tnat whereas bromination by way of the trans-bromonium ion 
18 to form products 19 and 20 was favored in weakly polar 
media, the reverse occurred to place the bromine in cis 
relation to the methyl group in a polar aqueous medium. 

That is, such conditions favored formation of the czs—bromo- 
nium ion 21 and, as a consequence, the formation of 22 and 23 
which have the bromine atoms in czs-relationship to the 
methyl group. The major product was 22 as would be expected 
On theubasis of the Furst-Plattner, rule (19). tor the open= 


ing of 1,2-epoxide groups by way of nucleophilic attack on 


Carbon. « 
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This thesis then comprises of a study of reactions 
of 3-methyl-1,4-cyclohexadiene (9) in an effort to establish 
a synthetic route for 2,5-dideoxy-5-C-methylstreptamine (5). 
It will be seen that the work was indeed successful but 
the study was terminated prior to the achievement of a 
sample of 5 free of contamination by the 5-epimer wherein 


the methyl group is in axial orientation. 
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A. Materials 


Ll. SOUVernes 


Except for dichloromethane, pyridine, methanol, 
dimethylformamide and tetrahydrofuran , reagent grade sol- 
Venlo weremsed withoub iurther puuieication. ©The solszents 
which were purified were treated following standard methods 
(2:0). 

All solvent removals were performed using a rotary 


evaporator at temperatures less than 45°C. 


2. Reagents 


The palladium-on-charcoal (5%) and the platinum-on- 
carbon (5%) were purchased from Terochem Laboratories Ltd., 
Edmonton, Alberta and Engelhard Industries, Newark, New 
Jersey, respectively. 

The p=—toluenesulfonyl chloride was purified by re- 
Gryscaliuzaeion trom chlorotorm—skellysolve B according to 


Fiesers' method (21). 


The monoperphthalic acid was prepared just before 
using by treating recrystallized phthalic anhydride with 


aqueous sodium perborate solution followed by extraction 


with ether (22). 


Ban whalytrcal Methods 
Abb melting points were determined, inycapillary tubes 


using a Gallenkamp melting point apparatus or Ernst Leitz 
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melting point apparatus and are uncorrected. 


The elemental analyses were performed in this 


department. 
Spectroscopic measurements 


Unless otherwise noted, the solvent used to measure 


nuclear magnetic resonance (nmr) spectra was CDCl Proton 


3° 
Magnetic resonance (pmr) spectra were recorded on a Varian 
A-60 and HA-100 spectrometer. Chemical shifts are reported 
in delta (6) values from tetramethylsilane (TMS). Proton 
noise-decoupled carbon-13 natural abundance nuclear mag- 
netic resonance (cmr) spectra were recorded using a Bruker 
HFX-10 spectrometer (Model 221-1605), at ambient tempera- 
ture, with a Nicolet Fourier transform system. The 
chemical shifts are from sIMS. 

Infrared (ir) spectra were recorded on a Perkin- 
Elmer grating spectrophotometer (Model 421), at ambient 
temperature, using matched sodium chloride cells. 


All spectra were determined by the spectral services 


laboratories of this department. 
Chromatographic procedures 


Thin layer chromatography (tlc) was performed on 
Silica Gel G supplied by E. Merck A.G., Darmstadt, W. 
Germany, using mucroscopic slides... —Ditterent solvent  sys— 
tems were chosen according to the compounds as noted in the 
text. The compounds were visualized by spraying with 5% 


sulfuric acid in ethanol and heating on a hot plate. 
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Column chromatography was carried out using Silica 
Gel G in the®ratio-otf"30 g/g GE*compound at a flow rate’ of 
1 ml per min. The developing solvents for individual 
compounds are specified in the text. 

Descending paper chromatography was performed on 
Whatman No. 1 paper using n-butanol-pyridine-water-acetic 
acid (6:4:3:1) as the developing solvent and the components 
were visualized by spraying with ninhydrin solution followed 


by heating at 100°C. 


C. Synthetic Investigations 


3-Carboxy-1,4-cyclohexadiene (24) 


Ammonia gas was introduced into a 5-liter reaction 
flask which was set in the solid carbon dioxide-acetone 
vessel and 2.5 liter of liquid ammonia was collected. 
Benzore acia (o> g, 0.67 mol) “in 250° mi*or methanol was 
then slowly added and this was followed by the addition of 
sodium metal (50 g) in small portions under a nitrogen atmos- 
phere. The blue coloration, which first appeared, dis- 
appeared quickly. After the addition of ammonium chloride 
(400 g) in 600 ml of cold water, the ammonia was removed 
under vacuum. Ether (1 liter) was then added.'*The 
reaction mixture was acidified with 20% hydrochloric acid 
at =-20°C to obtain a clear solution which was twice ex- 
tracted with ether. The combined extracts were washed with 
water and then dried over magnesium sulfate. On evaporation 


of the ether, 79.3 g (95.5%) of oil was obtained: 
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Plieninger and Ege (23) reported a yield of 90% and mp 
-20°C. The pmr spectrum was now measured and found to be 
in accord with the structure assignment. 

Emr cata for 24: 6 2.56-2.79 (multiplet, two H-6); 
Ono .Gl=3,c4 (triplet, H-=3)> 6) 5.87 (near singlet, olefinic 


protons, H-1l, H-2, H=-4,. and H=-5)- 


3-Hydroxymethyl-1,4-cyclohexadiene (25) 


To a slurry of 84 g of lithium aluminum hydride in 
1,500 ml of ether, a solution of 140 g of 24 Woy EA OTOMO) itil 
of ether was added dropwise with stirring at such a rate as 
to cause gentle refluxing of the ether. The mixture was 
heated under reflux for an additional hr, cooled to 0°C 
and hydrolyzed by the cautious addition of water (250 m1) 
followed by 20% by weight aqueous sulfuric acid (1,700 ml). 
The ether extract was washed with water, dried over sodium 
sulfate and distilled. The yield was 124.6 g (83%), 
boa bing point.64—-36°C/18 mmHg: lit. (24)5 95-97 "C720 mmHg. 
The following pmr parameters are in accord with the struc- 
ture assignment. 

Pipedaca ef60 lo) 5. (Singlet, H=-5) 6 257 5) (DLoad 
Singlet, two H-6); 6 3.62 (doublet, spacing 7 Hz, exo- 
MeEDy Lene protons); 6 552-6. 16 (multiplet, four olerinic. 
protons, H-i, H-2, H=47 and H-5); 0 7-37 (singlet, hydroxy 
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3-p-Toluenesulfonyloxymethyl-1,4-cyclohexadiene (26) 


To a solution of 25 (170g) in 1,500 mi of annydrous 
pyridine, p-toluenesulfonyl chloride (190.5 g, 1.0 mol) was 
added with swirling. The stoppered solution was allowed to 
stand at 0-5°C for 48 hr and then evaporated to near dry- 
ness. The mixture was twice extracted with ether. The 
combined extracts were sequentially washed with water, ice- 
cold W hydrochloric acid, dilute sodium bicarbonate solu- 
tion, and water. After drying over sodium sulfate followed 
by the evaporation of ether, a light yellow oil was freed 
of volatile components by use of a high vacuum. The yield 
was 237 g (90%). The pmr and cmr spectra reproduced in Fig. 
l are in accord with the structure assigned by Nelson et al 
(24). 

Pmr datas, 6 2.45 (singlet, 3H); 6° 2.56-2.77 (broad 
multiplet, 2H) eo 80-320" (broad mulciplet, LH); 0) 3.02 
(HOUbLet, 9 HZ75 2H) 0 O.37-O 020 multiplet, 4h) 6. /a24— 
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3-Methyl-1,4-cyclohexadiene (9) 


To a rapidly stirred suspension of lithium aluminum 
hydride (15 g) in 800 ml of anhydrous ether, a solution of 


26 (103 g, 0.4 mol) in 300 ml of ether was added. The 
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mixture was 2@erxéa overnights VAfter* cooling @intan ice= 
water bath, the mixture was treated successively with 13 ml 
of water, 13 ml of 30% sodium hydroxide solution, and 40 ml 
of water. The insoluble material was gathered by filtration 
and was washed with ether. The combined ether solution was 
dustiilecdrrorgiverids 9 of9 2 sAbodilingepoint).75=78°C/20enmlg . 
Distillation under atmospheric pressure caused the decom- 
POs it10n of the product and therefore the boiling point of 
the preparation could not be compared with that (102.5- 
103°C) reported in the literature (25). The yield was 50.9% 
(lit. 61.2%). The pmr and cmr spectra reproduced in Fig. 2 
are in accord with the structure assigned by Paquette et al 
(22) @ 

Pmredatasy Solt08* (doublet, #222Hzy SH) ;es 2254-2.92 
(multiplet, 3H); 6 5.63 (singlet 4H). 

Cnwunmcdata ye e6umZen4 45 e26021 les OrlG, ti23 52 ave) Aeand 


IS 0ea2 (26). 
Direct diepoxidation of 3-methyl-1,4-cyclohexadiene (9) 


3-Methyl-1,4-cyclohexadiene (470 mg, 5 mmol) was 
added to an ether solution containing 20 mmol of mono- 
perphthalic acid and the mixture was kept overnight in the 
dark at room temperature. The solution was filtered and 
washed with aqueous sodium carbonate and saturated aqueous 
sodium chloride. Drying over sodium sulfate followed by the 
evaporation of ether afforded 560 mg (90%) of an oil which 
showed three spots on tlc (developing solvent, acetone: 


benzene = 1:4) with Rf values of 0.65, 0.50 and 0.33. The 
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product was applied to a silica gel column using the same 
solvent system for chromatographic separation into the three 
components which were characterized by pmr spectroscopy as 
shown in Fig. 3. 

The pmr spectrum of the first major component (210 
mg, 38%) reproduced in Fig. 3A required it to be monoepoxide 
since the material still showed a signal of olefinic hydro- 
gen. 

The second fraction was also major (230 mg, 36%) and 
the Rf value of this fraction on tlc showed the same Rf 
(0.50) as trans-diepoxide (10) of 1,4-cyclohexadiene. The 
pmr spectrum is reproduced in Fig. 3B. 

The third fraction was minor (40 mg, 6%) and the Rf 
value was similar to that of ets-diepoxide (7) of b,4= 
cyclohexadiene. No signal for olefinic hydrogen was 
observed and instead multiplet appeared in the epoxide ring 
proton region 2.8-3.1 ppm on the pmr spectrum reproduced 
sire pots ies ee 

Pim daca tor, the cairst -iraction:)) 0 104-1740 
(doublets, 6). Hz, 3h) 0. 2.10=3. 108 (multiplet, 2H) ee ons. 20— 
AP OOM (MULE DLet, 12H) > so 5.40) (near singlet. 2h). 

Prr data for the second fraction: 6 1.12 (doublet, 
Vez, oho oo) 2ee7 (triplet, 1H); 0 2.40 5(quartet, 1H): 
Seow broad Sangtet jial) |; 2.90-3.13 (multiplet; 4H). 

Pmr data for the third fractaon<” 6 1.18 “(doublet, 7 
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5-Bromo (or hydroxy) -4-hydroxy (or bromo) -3-C-methyl- 


cyclohexene (14-17) 


To 9 (Ss. g,-842mmol)4in 34 misorgwater and 374 mivor 
dioxane, N-bromosuccinimide (14.2 g, 84 mmol) was added in 
portions with stirring. After 3 hry the ‘reaction was ex- 
tracted with chloroform. The extract was successively 
washed with saturated aqueous sodium bicarbonate and satura- 
ted aqueous sodium chloride. The solution was dried over 
sod tummsulfate. SaConcentration! Lett 14.3.9 — (7.7%) of ma 
colorless oil which was shown to be the mixture of 4 
isomers by both thin layer chromatography (developing sol- 
vent acetone:benzene = 1:4) and pmr. The pmr spectrum re- 


produced in Fig), 5 is in accord with the structure expected, 


Pmreidata:  -6) 1201=1-34 (four doublets, 7 Hz, 3H); <o 
2.00-2994 (multiplet, (3H); 6 2234 (singlet; ——OH) 7; 76"3262-— 
MASSanmMULcIpLet,., 2H); 20" 5.37—9650"9 (mMuULtIplet, “2H)i, 

Gniredata:) @6 ols.72 (madi, £6509, 620428, 232542 (main), 
Soin0e, 254209 (main), #26.68., 639 47:3, £40 5603, #50 25,262 a2 
tiiain)s, 467106, 407 206 (main); '68 252,07 b326, 2/5 36370077 204, 
Wao, 178 249 .2 2014 2122.84 1 (main) 423. 45, 8230207 s(main), 
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Hydrogenation-hydrogenolysis reaction of crude 
bromohydrin derivatives 14-17 of 3-methyl-1,4- 


cyclohexadiene 


To a solution of crude bromohydrin derivatives 
([. 0%, 5 mmol) ‘and triethylamine (1.5 q) “iw methanol (10 
ml), a suspension of 5% palladium-on-charcoal (1.0 g) in 
methanol (5 ml) prepared in advance was carefully added 
(26). Then the mixture was hydrogenated in a Parr 
Reaction Apparatus for 3 hr at room temperature (pressure 
50 psi). The reaction product was filtered through Celite 
and washed with methanol. The combined filtrates were 
freed of methanol at atmospheric pressure and the residue 
was extracted with chloroform. The extract was sequentially 
washed with water, dilute hydrochloric acid and water. 
Drying over sodium sulfate followed by the evaporation of 
chloroform at atmospheric pressure afforded 490 mg (89%) 
Ornowls 

Pmro data: 6 000-1, 10" (doubtets,) 3H); 90 1220-2540 
(athe torece, a LOn) wom 04.42 nit ro hot mt)s. 

Cnr Cavati woe 182,014 sGe Ls eiGd yy LOSE 2 20 20. 
(Ham) eee Ol (Indin) 022. 59,624 20, oe ZO coe I OR U 
(Maine Oe ko, ool Ob, G20 OL es S21. (ie tn) Bic obo oy 
Boe od 0. (mein) | 35.50, 41. 6a" (maine, 4477 25) COG! 


(Mein) poe O. Gs, 1/55 607 7 09, andi / G2. 


-_ ay, _ 7 7 7 - ak - j 7 
a. 2 Pe 7} 


- Poms 26 Nuitonay 2 ‘eromantibyrt atl Je io Ie 


- 


rat 
- =}, Le igchtom-i to The! eovitevited nahi ceed 
' ons {bax iObeng 
. ye’ : 


i > wt 
a ‘ ie. 
iivhydenow sbuis” 20 nortvioe & oT 


govistevitsi 
§ _- € 7 
‘ie tn 
“ie eee oy 4 ~c iy - \ ca 
Ct) (ona tom we (Pt ld bad oie pid tne (heat 2.90 
ers 
\ apyten hehehe =i bokiisa "Sf aA0' h a tin 


bin Vilgtens> eu. sonevbe AL betecrarc (Lm a. —— 


DO ' 

. » wer. B13 : wh esw Std Fana Sng aad & (aS 

‘ \ - ——. P 

tS F } =a TN ' To) « fa a * if f nf) =a t bt eae no at 3) 
eri far Lede irene bs sow 4oobotey hai seem oe . tbeq Oe 

be wd @ i ® , ol ‘ } 

re] 7 . 7 ; 
o £ hed 
5 ity oe i 2S! mos wii ‘ Letts onH i’'irw bor cha 2b 

ie ; —— , 7 

mh pe lS a is Lic i ; Mite 26 j reigoan Io. i he 

P : 7 
: ; " ¢ Ty, | —" er mn 

vile rie Ww OL AD fi ALP TO1C. BO te aw vedo 6 IoKs ss 
$50). the Bios > bseliYorhyd Sat eS ..tge9 otty Soden 


Sm nol 73 ng . Pyeyey ; tied ie Mutrpeea 150 paiyad 


; ; a Laas ot 
peOe) pin OCP bebteten S's SP issiveow A os nanhortoid 


Oo 0S. Obie l yhoyel fiver 0.4 : <5 oe 
a ; a ee 
a Va as WN oS <a aes yo ee eS eet oh y (oa Bor) L6G Sf wat 


‘ % 7 io. 
4 ei ,eS et e (AFM) GL.0€ y»L Oct ya@e bb iO «ime 


. ah : re 
a P20 ev ohh ‘ Cert Gut) O's is P =, et (ie i) : ; 
' - 7 4), a : ve hue 


: 1 Ro BY Gute, eb, hi GRAY Oe he 


1,2-Epoxy-5 (or 4)-bromo-3-C-methyl-4 (or 5)- 


cyclohexanols (27-34) 


The crude bromohydrin mixture (La—T i) (UA Greist 
mmol) was added to an ether solution containing 100 mmol of 
monoperphthalic acid and the mixture was kept overnight in 
tne dar beatenoomftemperature. |) WThetsolution was faltered 
and washed with aqueous sodium carbonate and saturated 
aqueous sodium chloride. Drying over sodium sulfate fol- 
lowed by the evaporation of ether afforded 12:6 g (83%) of 
Oil which showed two components on tlc (developing solvent, 
acetone:benzene = 1:4). This mixture was used directly in 
the preparation of 12. 

Pm datas. 6) 1-20-1243) (several doubters, oh Hz, sie 
Seo oO mutT Let,. 3h); 0. 3. 06—3 740) (narrow muro plet, 
2H Ge peo 64 Ae OU ete, 2). 

Cmr data: j0.699— (main) 17.69% 1s). O67 bo. oe: 
ZO a See OS een Meek) i) S0m0G, 34).00) smal) 7S oops 10, 
Se) eS fae ae ee CMa by) 6 6 4 Sera tt petDoe Oy (iNet), 


SOR ay oU 09, 65.00y;a 0! 43 WiMaln) 5) O69 7 anda), 0eo4.. 
1,2;4,5-Diepoxy-3-C-methylcyclohexane (12 and 35) 
As mixture: of 27-34 (2. 62G7 GOSmmeL) 2h 12 6" miro 
W aqueous sodium hydroxide was stirred for 1 hr and ex- 


tracted! wath chloroform: The extract was "dried over 


eouuum sultate. Concentration gave 7.6 9 (1002) of an oil 


which was shown to be a mixture of at least three com- 


pounds by both tlc (developing solvent, acetone:benzene = 
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1:4) and nmr. The product was chromatographed on a silica 
gel column, using acetone:benzene (5:95) as solvent, to 
Viele tree iractions. AN (1.2 0,. 169)), 6, (slag, 42) .and 
Gad. 0) 9g,, 632) .. The nmr parameters for the major com- 
POhent craction, CG A cride 12) are given below. 

PMiggdate wr Om lo 1 ee (doubler 27 Hz, 3H); 0 2.2 
fernioletsper doubler, 3. Hz and 1/.0)Hz5) 1H) Go 2267-3213 
(mu bit phet,. OH)e 6. 1.37 (doublet, 7 Hz, 3H of isomer OG ae 

Cnr data fOr 2s 0 15 4007573 260, 27.40), 48 90 (26), 
anGres As. 2] o2C)en 

Ania ier Caiked. Lor CoH, 905: Ory Ne ep ale Ties hSNe 
Houmcht eee, 164/97 “Hy 7.38. 

3=-Methyl-6, 7-diazabicyclo[3,2,l]octane-2,4-diols 


Cis: and 36) 


Fraction’ C (the above-termed crude 12, 2.0 9) “was 
mixed with anhydrous hydrazine (5 ml) and 2-methoxy- 
ethane. (220 ml)... The solution was refluxed for 4.5 hx 
then evaporated to a crystalline residue which after 
Washing, with ethanol atzrorded 1.3°¢ (50%) of preductr. 
Attempted recrystallization from aqueous ethanol resulted 
in decomposition. Because of its instability no attempt 
was made to characterize this product by nmr and it was 


used Girect!y in thestollowing preparation. 
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(1,3,5/74,6) and (1,3/4,5,6)-2,5-Dideoxy-5-C- 


Methyistreptamine (5 and 37) as dihydrochloride 


ResOluUecionvOL= the crude product 13 (las 2 Seren 
mmol) in a 1:1 mixture of .ethanol and water containing 12 
Mohyvdrochioric acid (1.2 mi) was hydrogenated in a Parr 
Pressure Reaction Apparatus in the presence of a platinum 
catalyst (70 mg) under hydrogen stream (3.4 evra) imeye 
4.5 hr at room temperature. The catalyst was removed by 
filtration through Celite and the filtrate was evaporated 
to give a crystalline product, which was washed with 
ethanol dag i612) of 5 (ap: > 290°C) The jpmre spectrum 
reproduced in Fig. 12A showed, on examination of the methyl- 
proton region, that the product contains two isomers (ratio 
BSz2218)-. 

Pir date mm deuterium oxide: 96 1.32 (deubler, 7.6 
Hap) ost ie O22) Oe Nii Lei met pe 0, fr G oe, cian photon 
Coviiets, 247 Usand 5.25 Hz, respectively, Jh)s 6 oe2e-52382 
OMmpbeielet, a4). 7 soete 2 (dOubLet, 7.6mis, oH Of 1s50mer 
37); APO? LAOUb Lem Or OUD LeES, 120 Mzeands Ste az, 
respectively, 2H of isomer 37). 

Cie Oata 2m GCeuUtrerLumroxider To 2bS.0;5. 23) booed, 
Dee oaie Cao aO eli, 202 (Coo OF 37), Ba mC 2enOu: 37), 
AS oe=1) and C=-3° Of 37), ROE Se (GSES Fekete, WAS Ope 37). 
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Mixture Of (1)3,5/4,6) and -(l,3/4 ,-5,6)—-L,o-bi6— 
phthalimido-5-C-methyl-4,6-cyclohexanediol 


diacetate (38 and 39) 


TOPE e: SsOlurtlon] OL 5 (233 mg, 1 mmol) in methanol 
(5 ml) and pyridine (5 ml) were successively added tri- 
ethylamine™ (202 mg, 2 mmol), phthalic anhydride (148 mg, 
Pumo is) an triethylamine {202 mg, Zemmol) and then 
phthalle anhydride (163"mg, LS mmol). "Atter “the reaction 
was kept at 40°C for 30 min, excess methanol was added to 
decompose remaining phthalic anhydride. After evaporation 
of methanol, excess acetic anhydride and pyridine were 
added and the mixture was kept stirring overnight. The 
reaction was extracted with chloroform and the extract was 
washed with water. After drying over sodium sulfate, chlo- 
roform was evaporated to obtain 550 mg (nearly 100%) of an 
Ofdy solid which wes puritied by column chromatography on 
Sibica gel using chloroform as developing solvent (RE value 
on tle, 0.51, developing solvent, methanol: chlorororm = 
T-O).)) ther procuct recrystallized trom methanol showed a 
Moye oe- 04°C... The pre Spectrum (reproduced an wig.” 13) 
Mmoarcacred an 85215 mixture. 

Prredata: | GO le04 \(GOUblet, "Ghz, SiH) 3 so = 307 
(eimalec, Of); © Leg2—-2.20 (multiplet, 2h); © 3.00) (quatter, 
We eoeene 122, 1H) © 4227-4.58 (octet. Ay, 1027 and 
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D. Characterization of the Mixture of the 2,5-Didéoxy-5- 


e-Methylstreptamine Dihydrochlorvees 
Veacic ceive and Cima opect tao =. the Mixture 


The pmr and cmr spectra for the mixture are repro- 
Guced) an Migs: 2A and 128. The relative intensities of 
the signals for the two C-methyl groups in the pmr spectrum 


were 82:18. 


ao) Attempted, Puritications 


(a) Recrystallization was tried from water-ethanol- 
ether mixed solvent as follows (27). The mixture of 5 and 
37 (200"mg) was dissolved “an i mir ol water 1 ZOUemMi beaker 
to which 50 ml of ethanol was added to make a homogeneous 
solution. Then, the beaker was put in a large desiccator 
which already contained ether in the bottom part and 
alaboweds Co. Standuton. 24. nr nti l.a vsubstantaal amount ok 
crystals had appeared. The volume increase of the solu- 
fiom was.4.ml. Filtration gave ay first crop of 50,mg. The 
mother liquor was similarly allowed to stand in the de siLez 
cator. When the volume increase of the solution reached 
35 ml, the crystals were gathered to afford a second crop 
(85 mg). Evaporation of filtrate gave a Eiece cso, (3.0m) % 


The percentage content of axial-methyl isomer (37) in each 
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crop was estimated by the comparison ‘of the “intensities 
for the methyl)proton signals. .These were found to be 16% 


(Elnstecrop), (2125 (second crop). and 26% (third crop). 


(hb) “Fractional recrysta llMivat von es taneing = fromets20 ad 
of the mixture by above-mentioned recrystallization method 
was triea according to the Weissberger's scheme (28) . 

In each recrystallization step the mother liquor 
was evaporated to dryness to check the weight of the 
residue. The weight of the crop was obtained by subtract- 
ing the weight of the residue from that of each starting 


mixture. The results are summarized in Fig. 15. 


(c) Descending paper chromatography was performed using 
I—butanols pyridine: watersacetic acid = 6:42:32) mixture as 
developing solvent. The Rf value obtained was 0.22 for 
both isomers 5 and 37. Repetition of development-drying 
three times on the same Whatman No. 1. paper showed only 


one spot after treatment with ninhydrin spray reagent. 


(d) The separation with ion exchange resin was attempted 
by using a column of Dowex 1-X8 (OH anion form) which was 
prepared in advance by treating Dowex 1-X8 (Cl anion form) 
with W NaOH aqueous solution. The mixture (100 mg) was 
applied to the column and distilled water was used as 
Geveloping solvent. The flow rate was 1 ml per minute and 
a hundred 10 ml fractions were collected. Each fraction 
was checked with ninhydrin spray reagent but no material 


was recovered because of the adsorption on the resin. 
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3. Qualitative Analysis by Amino Acid Analyzer 


The crude mixture and crop A and crop B were analy- 
zed using a Beckman Model 120C amino acid analyzer by 
Dr. B. Singh of the Department of Biochemistry using a 
standard procedure (29) for basic amino acids at pH 5.2 and 


detection by reaction with ninhydrin. 
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£1T>* DISCUSSION 


As. considered in the Introduction, the goal of this 
investigation was to make available derivatives of 2- 
deoxystreptamine wherein the modification is at the 5- 
position; that is, compounds which have the 5-hydroxyl 
Substitutedsby asdifferent group R. Thus, incorporation of 
these compounds by chemical synthesis would provide analogs 
of kanamycin 1 for an assessment of the effect of change at 
EiiscepOsat1on on the antibiotic activicty.— nis, in turn, may 
be related to the influence of the 5-position on the con- 
formational preferences about the glycosidic bonds at the 


adjacent positions. 


NH? 


3 R = OH 
4 R= H 
2 R= CH, 


Soon after this investigation was started, as 
mentioned in the Introduction, an elegant synthesis of 2,5- 
dideoxystreptamine was presented by Suami and coworkers (16). 
This synthesis was based on 1,4-cyclohexadiene as starting 
Material. The possibility of achieving a synthesis of 5 


(R = CH) in a Similar manner from S=methyl—l, 4-—cyclo— 
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hexadiene (9) vita a ets-diepoxide derivative was therefore 
considered. The method assures the concerted 1,3-cis- 
relationship for the two amine groups and, assuming trans- 
opening of the epoxide groups, a 4,6-cts-relationship for 
the two hydroxyl groups which in turn would be trans to 
the two amine groups. The achievement of the appropriate 
eits-diepoxide and the study of its reaction with hydrazine 
was the main goal of this research. 

Prior to undertaking the possible synthesis of 2,5- 
dideoxy-5-C-methylstreptamine (5) (R = CH,), it was believed 
desirable to repeat the preparation of 2,5-dideoxystrepta- 
mine (4) (R = H) following the procedures reported by Suami 
and coworkers (16). There was no difficulty in reproducing 
the cesults reported and, starting with 50 g of commercial 
1,4-cyclohexadiene, the five-step synthesis yielded ll g 
(8% overall yield) of the 2,5-dideoxystreptamine as the 
dihydrochloride salt. As will be seen later on, the nuclear 
magnetic resonance spectra of the various compounds were 
useful to the present study. 

The firstestagesin: the synthesis of 2, 5-dideoxy—5-C— 
methylstreptamine (5) was to achieve 3-methyl-1,4-cyclo- 
hexadiene (9). This compound cannot be obtained by a Birch 
reduction of toluene since the weakly electronegative methyl 
group directs the reaction to exclusive formation of 2- 
methyl-1,4-cyclohexadiene (30). However, the reduction of 


benzoic acid with sodium in liquid ammonia is known (23) 


to provide 3-carboxy-1,4-cyclohexadiene (24) and this 
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compound was used as starting material. The preparation, 
following the literature directions, afforded no problem 
and the product was found, as expected, to give three groups 
of signals in the pmr spectrum of relative intensities 

@eis 2ecentered at 5.87), 3.76 and 2.67 pom, srespectively. 

The low field signal for the olefinic hydrogen was a pseudo 
Singlet indicating little difference of chemical shift 
between the 1,5 and 2,4 hydrogens and weak coupling with 
other hydrogens. The signal for the methine hydrogen at 

the 3-position and methylene group were complex bands. 

The plan was to reduce the carboxyl group to methyl 
group as previously reported by Nelson et al (24) and 
Paquette et al (25). The first step involves reduction of 
the carboxyl group: of 24 to the hydroxymethyl group by 
lithium aluminum hydride. The experience was similar to 
that reported independently by the two American groups and 
the product (25) displayed a boiling point range near that 
reported (24). Since the characterization reported in the 
literature involved only a mention of the boiling point 
range, the pmr spectrum in CDCl, was determined and found 
to be in accord with the structure assignment. 

The second step was to tosylate 25 to give 3-p-toluene- 
sulfonyloxymethyl-1,4-cyclohexadiene (26) following the 
procedure reported by Nelson et al (24). Both the pmr and 
circa spectra, Lor 26 as seen in Fig. 1] were in accord with 
the structure and, therefore, the material was reduced with 


lithium aluminum hydride to obtain desired compound 9. 
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Figs) il. 9“Nmr spectra Lor 3-p—-toluenesulfony loxymethy!— 
1,4-cyclohexadiene (26). The assignments are based on the above 
numbering for the various carbon atoms. 

A. .60 MHz pmr spectrum in CDCl. 
Bow 22.6 MHZ cmayspectrum in CDCl... 
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Fig. 2. Nmr spectra for 3-methyl-1,4-cyclohexadiene 
(9). The assignments are based on the above numbering for 
the various carbon atoms. 
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the pmr and cmr spectra (Fig. 2) of the crude product were 
in accord with expectation. The cmr spectrum especially 
required the product to be essentially pure and the compound 
was used as such in the following preparations. 

The second stage in the synthesis of 2,5-dideoxy-5- 
C-methylstreptamine (5) was to achiever trans, trane-1, 2; 
4,5-diepoxy-3-C-methyl-cyclohexane (12). PIirst om. all. the 
direct diepoxidation was considered. It is established that 
1,4-cyclohexadiene is a near flat structure (31) and 
3-methyl-1,4-cyclohexadiene (9) can be expected to have a 
simi las contormation. “Pilis Knowaerhat, in the ease of 
1,4-cyclohexadiene, direct diepoxidation with excess mono- 
perphthalic acid gives rise to only the trans-epoxide 10 


as shown below (17). 


O 
10 


~~ 


HVtdently, suculd this soccur in thie case Of the ciepoxidazion 
Gime etosy Leld 40, then the approach would not be useful. 
thegiirst epoxidation .on 2 could occurs rans to Lic methyl 
group, to. afford 11, and the second epoxidation could also 
occur trans to the methyl group to afford 12 Since the 
non-bonded interaction between an entering oxygen atom and 
ayeze-methyl group could be prohibitive. The reaction 


pathway would depend on both a steric effect by methyl 
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group and an electrostatic“effect by. the first ring oxygen. 
Since there was no basis for a prediction, the direct 
diepoxidation on 9 with excess monoperphthalic acid was 
First examined. Tlc examination of the product showed the 
presence of three components--two major and one minor. The 
product was applied to a silica gel column for chromato- 
graphic separation into the three components. The pmr of 
the first major component (Fig. 3A) required it to be a 
mixture which contained monoepoxides of 9 as major products 


since the material showed a signal for olefinic hydrogen 
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at about 5.4 ppm in addition to the multiplet in the epox- 
ide ring proton region 2.6-3.1 ppm. The material appeared 
to be still. mixture.since the olefinic hydrogen signal 
waS present as a singlet superimposed on a broad quartet 
anos tour doublets of spacing 7 Hz were present in, the 
Teguongl. 0.4 pomucharacterietic of Comethy! Groups. Iwo 
minor doublets in the methyl proton region and multiplets 
in the region 3.2-4.6 ppm suggested the presence of unknown 
impurities. However, no attempt was made to further 
examine the mixture. 

The second fraction was also major and the Rf value 
oLathe fraction on tleywes the same (0150) as yprane— 
diepoxide 10 of 1,4-cyclohexadiene. The spectrum, re- 
Produced jin Fig. 38, showea his Lraction to be mii. 3m 
pure but, judging from the strong doublet of spacing 7 Hz 
centered at 1.12 ppm accompanied by a few small doublets, 
this fraction appeared to be a better than, 80% pure sample 
of one of the three theoretically possible diepoxides. No 
Signal £or olefinic hydrogens around, > ppm,was, observed and 
instead broad signals £or four epoxide ring pprolons appear— 
Sdmin thnesregiOn. 2449-s5lePDM..4ByY Tread vation, Of ethno epox— 
HdeyGing apELotons, a-triplet centered ate 2. 2/] ppl sa qual 
tet at 2.40 ppm and doublet ,of doublets at 2.77 ppm were 
converted into a sharp singlet, a doublet and a broad sing- 
let, respectively,.indicating, thalesthese three protons are 
attached to the carbons adjacent to the epoxide rings. 


The hydrogen atoms which gave rise to the triplet and 
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quartet signals were not coupled since irradiation of one 


of the signals did not effect the other. Neither reliable 
assignment for these three proton signals nor the configu- 
rations of two epoxide rings were obtained even with spin 
Gecoupling technique since these signals are located toc 
e€10se7to each other son pmrn spectrum. 

ihe ehrrd mimor Eraction, switch Showed, similar Rr 
(0533) to that of e7s=diepoxide (7) of 1,4-cyclohexadiene, 
hed the spectrum which is reproduced im Fig. 2C. Lt is 
seen that again impure substance was obtained but that the 
mixture consisted largely of one component. The spectrum 
was devoid of signals for olefinic protons and possessed 
Signals in the general region expected for the epoxide 
Tang pretons of ay 4,2:47,.5-diepoxy—3-—C—methy levclohexane. 
Although upfield triplet of doublets centered at 2.28 ppm 
would be assigned to 6-position proton trans to the epoxide 
Oxyoens! in @re-conftiguration, again, this pmr did not aliow 
conclusions as to the configurations @f this diepoxide. 

Thiseairecesa1epoxldation approach tO une prepara 
Pion OL trans, (rone—l, 2745, 5-dlepoxy =3—C -meuny cyclohexane 
(oy) would be Wseful at the major vsecond fraction were tne 
desired product. However, this major fraction proved to 
be the cis, trans-diepoxide 40 (see page 61). 

Samee the yields obtained win Sthe direct epoxidation 
were not attractive, it was decided to examine indirect 
eperidawmion. Lt has been reported (17) as shown below that 


treatment of 1,4-cyclohexadiene with N-bromosuccinimide 
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(NBS) in water produced the monobromohydrin 42 which, by 
the epoxidation with monoperphthalic acid, was converted 
Mainly to the cts-epoxy-alcohol 6, which in turn was 
treated with aqueous sodium hydroxide to afford cts- 


diepoxide 7. 


re) Oo 
NBS 
Ch omee lr are 
Br Br 
42 6 if 


The hydroxybromination of 9 is expected to proceed 
by way of either the ctis= or trans-bromonium ions 43 and 
44, Steric considerations are expected to favor the for- 


Imation of the trans=isomer 44 which should yield the bromo- 


ww 


hydrins 16 and 17 (32). 
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If the formation of the bromonium intermediates is 
an irreversible step, as it is*’assumed for the bromination 
in nonpolar solvents, ‘the steric course of the addition 
will be controlled first by the relative rates of electro- 
philic attack on the two faces of the carbon-carbon double 
bond and then by those of the two alternative modes of 
nucleophilic opening Of the bromonium Tons 330 )asle thos 
case, the bromohydrin isomer 16 derived from trans- 
bromonium ion 44 would be the major component in the reac- 
tion product (Fig. 44). 

On the other hand, if the bromonium icns were formed 
in a reversible prerate-determining step which is easily 
realized by the hydroxybromination in hydroxylic solvents, 
the steric course of the addition could be controlled 
mainly by the difference in the transition-state free 
energies of the nucleophilic steps, provided that they are 
sufficiently slower than the formation of the bromonium 
ions and their reversal to the alkene. Supposing that the 
hyaroxybromination reaction On 9 is performed in hydroxylic 
Solvents, Since, path D Ts’ less favored: thenwpath C;, the 
trans-bromonium ion Ae would revert in part to the starting 
olefin 9 and the reaction would proceed predominantly vita 
the eits-ion 43 to give an excess of the bromohydrin 14 (CRS) 
Since tie attack of hydroxyl anzon on the, l-positionsor 


ere-bromonium ion 43 is easier than on’ the 2-position. 
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Pig. 4. Préparation Of diepomides OF S-methyl—i54— 
cyclohexadiene via indirect epoxidation. 
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AS can be appreciated from the reaction scheme pre- 
Sented in Fig. 4, the desired diepoxide 12 can be prepared 
only vita the ezis-bromonium ion 43. Therefore; hydroxylic 
solvent had to be chosen for the hydroxybromination 
reaction. on 9. Upon treatment of 9 with an equimolar quan- 
tity of NBS in aqueous dioxane, a mixture of the monobromo- 
hydrin derivatives Neel was Obtained in 97.2% yreld-. 
Although the formation of the four possible isomers was 
indicated by both thin layer chromatography and pmr spec- 
trum (Fig. 5), no attempt was made to separate the compon- 
ents. However, the following experiment was done to check 
the presence of bromohydrin derivative 14 as the major 
component in the reaction mixture. 

Tt could be anticipated that the hydrogenation- 
hydrogenolysis of the crude mixture of bromohydrins (eB 
would yield a mixture of methylcyclohexanols (45-48), ee 
composition of which would reflect ae GOnposl ion Or Che 
mixture of bromohydrins. Therefore, the miseuTre. Was ere 
acted with hydrogen (26) in the presence of palladium and 
triethylamine using methanol as solvent. The product was 
bromine free and the pmr spectrum (Fig. 6) was devoid of 


Signals for olefinic protons. 
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Fig. 6... L000 MHz pmr Spectrum for the mixture, o1 the 


hydrogenated products derived from bromohydrin derivatives. 


The assignments are based on the above-shown numbering for 
the various carbons. 
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Furthermore, signals occurred in the region 3.4-4.1 
ppm of total relative intensity of near one and these 
chemical shifts correspond well for the chemical shifts 
reported (34) for H-1 of the isomeric monomethylcyclo- 
hexanols. The signal for H=-1 of 45 is to lower field than 
are those of H-1 for the isomers 46,47, and 48 (34) as 
expected because the compound must have H-1 largely in 
equatorial orientation and not shielded by a neighboring 
methyl group. In fact, the main intensity for H-l type 
Signal was at 3.96 ppm suggesting that the main component 
was 45. This was confirmed by cmr spectroscopy. As seen 
in Table 1, Roberts and coworkers (35) have reported the 
chemical shifts for the four isomeric methylcyclohexanols 
(45-48) and the major signals in the ecmr spectrum for the 
mixture, as seen in Fig. 7 and Table 1, are in excellent 
correspondence with the spectrum for 45. 

Therefore, it could be concluded that the main com- 
ponent in the mixture of bromohydrins was the arabtno- 
isomer 14. Judging from the pmr spectrum of the mixture 
of methylcyclohexanols (Fig. 6), the mixture could be ex- 
pected to also contain a substantial amount of either or 
both a and 48 butavVery Vt tle of 46. With this information 
on the composition of the mixture of bromohydrins it could 
be anticipated that the preparation could in fact be used 
to prepare the desired 5-C-methyl-2,5-dideoxystreptamine 


(5je8 That ie, epoxidation of 14 *couldi be expected to be not 


only trans to the bromine as found for the epoxidation of 
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fe is > seen thet 


methyl—C 
the signals for 45 correspond well with the most intense 
Signals in the spectrum of the hydrogenated product 


see Table 1) 
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22.6 MHz cmr spectrum for the mixture obtained on hydrogena- 


ting thes mixture of bromohydrins 14 to 17. 
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the monobromohydrin of 1,4-cyclohexadiene by Craig et al 
(17) but also trans to the methyl group as found and dis- 
cussed above for the epoxidation of S-mMnethyie-d, 4-ceyclo= 
hexadiene. 

Ate thisi point,) the-option existed.of trying ito 
separate the mixture of the bromohydrins to achieve pure 
Samples? of) the; components. «However,,) it. was) decided to con— 
vertathe-mixture to the diepoxides in the anticipation that 
these compounds could be separated and thereby allow a more 
eHeucien: tovernellepreparation.| A taturned, oOut..to be mot 
readily possible to separate the diepoxides but time did 
not allow a repetition of the preparation of the mixture of 
bromohydrins. As will be seen later on, not only was the 
Separation of the diepoxide very Gitficult but also the 
separation of the isomeric 5-methy1-2,5-dideoxystreptamines 
formed from those compounds. Certainly, future preparations 
should involve effort to separate the bromohydrins as such 
or as derivatives. 

The mixture of bromohydrin derivatives 14-17 (main 
isomer is 14) was treated with an excess of monoperphthalic 
acid in diethyl ether. An 89% yield of a product which 
COuld be resolved into two bands by tlic was ,obcained.. ~Lt 
is reported that in the epoxidation of hydroxycyclohexene 
Gerivatives, the czs—-ecpoxy alcohols are ene major isomers 
owing to hydrogen bonding of the peracid with the hydroxy 
Groupe 17,26). 6 Lteis,to be expected, therefore, shar four 


possible cis-epoxy alcohols 27, 29, 32, and 34 would be 
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derived from the four bromohydrins (14-17), respectively. 
However, epoxidation trans to the hydroxyl group could be 
expected for the bromohydrin 17 which possesses the methyl 
group cts to the hydroxyl. Thus, the methyl group could 
conceivably direct the epoxidation to form 33 rather than 
34 (p. 38). Since the bromohydrin 14 was the main compo- 
nent of the mixture, it was expected that 27 would be a 
major product. The product was found on examination by 
cmc (Fig 8) to contain five main components, since the emr 
spectrum of the product showed five signals in the C=-methyl 


region 16.9=20.15 ppm. 


The mixture of epoxy bromohydrins was, without 
separation, treated with WV aqueous sodium hydroxide to 
afford diepoxides; a mixture comprising structures 12, 

35, and 40 being expected. The reaction provided an oily 
product in near quantitative yield based on a simple 
dehydrobromination reaction. 

Examination by tlc showed the presence of at least 
two major components. Column chromatography on silica gel 
separated these substances into the two fractions. The 
first fraction to elute was obtained in 19% yield and pos- 
sessed the pmr spectrum reported in Fig. 9B. It is seen 
that this fraction is highly enriched (~80% relative to 
the intensity of the methyl group signals) in one compound 
which, because of the chemical shifts of the hydrogens in 
the region 2.7-3.1 ppm, required it to be a diepoxide 


(for example, the diepoxide 7 has the spectrum displayed 
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in Fig. 9A, where it is seen that four equivalent hydrogens 
in the epoxide groups give their Signal at 3.09 ppm). The 
cmr spectrum (Fig. 9C) shows a spectrum consistent with 
the dissymmetric structure for the cis, trans-diepoxide 40. 
This follows from the equal intensities found for the ring 
carbons. On this basis, it may be concluded that compounds 
28, 30, 31, and/or 33 were not major components in the pro- 
duct obtained on the epoxidation of the mixture of 
bromohydrins 14-17 CEaGien 44) a 

The second fraction (80% yield), although it gave 
only one spot on tlc, was a mixture in view of the two 
C-CH, group signals present in its pmr spectrum (Fig. 10A). 
The relative intensities of these signals required an about 
6:1 mixture. The chemical shifts of the ring protons re- 
quired it to be a mixture of diepoxides. The cmr spectrum 
of the mixture (Fig. 10B) clearly required that the main 
product (and likely the minor product) has the two epoxide 
groups in ezs-relationship. This follows from the 2:2:1:1 
relative intensities found for the ring carbons, 

As will be seen later on, the major compound was 
the trans, trans-diepoxide 12 and, indeed, the minor compound 
was the cis,cis-diepoxide 35. Therefore, the main product 
formed by way of the epoxidation of the mixture of bromo- 
hydrins was 27; that is, the main course of the epoxida- 
tion involved insertion of the oxygen trans to the vicinal 


methyl group, a course of reaction in good accord with 
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Fig. 10.s_Nmr spectra for the mixture of czs=— 
diepoxides of 3-methyl-1,4-cyclohexadiene. The assignments 
are based on the above numbering for the various carbon 
atoms. 


A. 100 MHz pmr spectrum in CDC13, 
Bo 22.60 MHZ cmr spectrum sin CDC1,. 
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steric considerations. The formation of 35 required the 
presence of one or both of 32 and 34 in the mixture of 


monoepoxybromohydrins (Fig. 4). 


Treatment of the mixture of symmetric diepoxides 
(second fraction) with anhydrous hydrazine in refluxing 
2-methoxyethanol following the method by Suami et al (16) 
afforded, in 50% yield, off-white crystals which readily 
decomposed within a few hours after separation. This 
instability may be the reason why the yield was as low as 


50% and no attempt to analyze the product was made. The re- 


action scheme is presented in Fig. 11. In the case of com- 
pound it which has no methyl group on the cyclohexane ring, 
am 85% Of yield of 8 was realized (16)~ 


The crude product was treated with hydrogen in the 


presence of platinum catalyst in a Parr Pressure Reaction 
Apparatus. By this reaction, a basic crystalline mass was 
isolated as a hydrochloride icalt lin 6l2 vaeld. Tt swas 

found by inspection of the pmr speccrum (Pag 12A) tor, this 
product that it was a mixture of two components in an about 
aeasi) ratio as judged from the relative intensities of 
doublet signals occurring at 1.32 and 1212 ppm) with spacings 
Of fee Hz, The cmrm of this Mixcure, Peprocuced Im orig jel2B, 
requiredi t to contain either 5-equatortal—-methyl— 255 
dideoxystreptamine (5) or 2-axial-methyl-2,5-dideoxy- 
Streptamine (51) as the maim product; because of the 2:2:171 


relative intensities found for the ring carbons. The 
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minor product would be either 9-axial-methyl-2,5-dideoxy- 
streptamine (37) or 2-equatorial-methyl-2,5-dideoxystrepta- 
mine (52). When the hydrazine attacked the mixture of 
ets-diepoxides, 12 and 35, there were two possible points 
of attack either at the 1- and 5-positions or at the 2- 
and 4-positions as shown in Fig. ll. ‘The observation that 
the more intense doublet for the methyl protons of the pmr 
Spectrum was at lower field (6 1.32) than that of the 
other doublet (6 1.12) seemed to require that the methyl 
group in the main product be in equatorial orientation. 
Integration indicated the presence in the main component 
of two protons which gave signals in the range 1.62-2.10 
ppm and one proton at 2.63 ppm. Presumably, the upfield 
signals arose from two axial hydrogens at C-2 and C-5 and 
che lower field signal from the equatorial H-2. However, 
the pmr spectrum did not allow reliable assignments of 
structure and configuration and, therefore, the diphthali- 
mide diacetate derivative of the mixture was prepared. A 
near 100% yield of a crystalline product possessing the 
correct analysis for diphthalimido-diacetoxy-methylcyclo- 
hexane was obtained. The product was purified by column 
chromatography. Although the recrystallized product from 
methanol showed a melting point in the range of 292-294°C, 
the pmr spectrum (reproduced in Fig. 13) indicated an 
85:15 mixture. The more intense doublet for methyl protons 
(which was at lower field than the weaker doublet in the 


mixture of dideoxymethylstreptamine) appeared to higher 
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£rveva. "Thus, -1t "could? be presumed that because of the 
shielding effect of the ring currents of the two phthali- 
mido groups, the methyl group of the main isomer was on 
the same side of the cyclohexane ring as were the 
phthalimido groups. Six acetyl protons and eight aromatic 
ring protons were present at 1.87 and 7.80 ppm, respec- 
Envery: 

It is known that a proton which is attached to a 
carbon bonded to an acetoxy group in a cyclohexane deriva- 
tive appears to lower field than a proton attached to a 
carbon bonded to a phthalimido group on the same ring: 
THenerore,  aA-tri plete Inetne Lower fle lde(or 5257) secOuUlcde be 
assigned to the equivalent H-4 and H-6 atoms (the numbering 
is displayed in Fig. 13). Because of the magnitude of the 
coupling (~11 Hz), the triplet requires the H-4 and H-6 
to be coupled about equally with two vicinal protons which 
arer also in axial’ orientation.” In ster Sf 2ts chemical 
Stic, tne Octet at 4727-4758" ppm with sracings Ofy 47° 1025 
and 1277-7 1s~ assigned te “H-l and A-3 whrteh are attached to 
carbons bonded” to phthalimido® groups: “Thais signal is* in 
accord with the structure assigned to the major component 
and presented in Fig. 13 since the magnetically equivalent 
axtai= hydrogens for i—l™and@H=-s wouldweach be serong ly 
coupled with two vicinal axial hydrogens and more weakly 
couple@d with a vicinal equatorial hydrogen. The quartet 
at 3.8 ppm has three spacings of 12 Hz. This Signal would 


be in accord with that of an axial hydrogen coupled (12 Hz) 
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with two equivalent and vicinal axial hydrogens and 
further coupled with a geminal hydrogen by 12 Hz. These 
coupling constants would be in good accord with expecta- 
tion for the axial hydrogen at position 2 for the structure 
depicted in Fig. 13. Presumably, the two vicinal phthali- 
mido groups strongly shield the equatorial H-2 hydrogen so 
that its signal is shifted to ehe 2 ppm region near the 
signals for the acetoxy groups. Indeed, integration 
required the presence of two ring hydrogens along with 

the signals for the acetyl groups at this position in the 
spectrum. That one of these hydrogens is the methine H-5 
was established by spin decoupling. Thus, irradiation of 
the more intense signal for C-methyl group at 1.04 ppm 
caused the collapse of the multiplet near 2 ppm and the 
ixradiation of the multiplet at 2 ppm in reverse converted 
the doublet for the methyl group into a singlet. The 
irradiation of the multiplet at 2 ppm converted the tri- 
plet at 5.57 ppm into broad doublet indicating the methine 
proton, 1S,adjacent) to the acetoxy, group. 

The small quartet at 5.87 ppm with spacings of 5 
and 11 Hz could be assigned to H-4 and H-6 of the minor 
component which has the C-methyl group in axial orienta- 
tion. These protons would be expected to occur to lower 
field than those of the equatorial methyl isomer because 


of the decreased shielding effect of the axial C-methyl 


group. Furthermore, each of these protons would be 


coupled with an axial proton (H-1l or H~-3) and an equatorial 
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proton (H-5) in accord with the observed coupling constants. 

Therefore, it could be concluded that the major 
product in the dideoxymethylstreptamine mixture was the 
desired equatorial-methyl isomer 3 and the minor one the 
axial-methyl isomer 37. 

Finally, in view of the structure for compound Ds 
it could be concluded that it arose avon the trans, trans- 
diepoxide 12. Therefore, 12 was the main component of the 
product obtained by way of the indirect diepoxidation of 
the 3-methyl-1,4-cyclohexadiene. Furthermore, the forma- 
ZVOnsO£ -) from 12 requires that the attack of 12 by 
hydrazine occurred predominantly at one of the chemically 
equivalent l= and 5-positions. Conseguently, following 
the Furst-Plattner rule for the opening of epoxide rings, 


the first product of the attack of diepoxide 12 was 53 


OH OH 


CH3 


53 54 
which has the methyl group in quast-axial orientation and 
not 54. Thus, hindrance by the methyl group to attack by 
hydtazine at the 2-or 4-positions of 12 appears to set (the 


stereochemical course of the reaction. 
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The pmr spectrum of crude 12 (Fig. 10A) is seen to 
be very different from that (Fig. 3B) of the major product 
of the direct diepoxidation of 3-methyl-1,4-cyclohexadiene 
buc very similar to that (Fig. 3C) of thesminor component. 
On the other hand, the pmr spectrum (Fig. 9B) of crude 
ets, trans~diepoxide 40 iS veryesimalar tovthat, (Fig. 3B) 
of the major diepoxide formed directly from the diene. 
Therefore, there can be no doubt that the direct diepoxi- 
dation of 3-methyl=-1,4-cyclohexadiene provides mainly the 
product which has the oxide rings in trans-relationship 
as is the case for the epoxidation of 1,4-cyclohexadiene 
Cj 

Several technigues were employed in attempts to 


separate 5 from 37. The first attempt was by recrystalli- 


zation from water-ethanol-ether mixed solvent. The percen=- 


tage content of axial methyl isomer in each crop was 
determined by comparison of the signals for methyl groups 
in the pmr spectra of each crop. The content of 37 was 
found to be 26% (third crop), 21%¢-(second crop) gand, 16% 
(first crop), respectively, as shown in Fig. 14A, B, C. 
The solvent system was then used for fractional recrystal- 
lization (28) starting from 1.2¢g of crude mixture., The 
results are summarized in Fig. 15. After seven recrystal- 
lizations, 110 mg of needles were obtained. However, it 
was found that the material still contained 14% (11% by 
the inspection on cmr spectrum) of 37 as shown aM gE er i es 
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Descending paper chromatography was performed using 
l-butanol:pyridineswater:acetic acid = 6:4:3:1 mixture 
as developing solvent. The Rf value obtained was 0.22 for 
both isomers ) and 37. 

An attempt to chromatograph the mixture on a Dowex 
1=+=X8 (OH ) ion exchange column failed since the compounds 
were lost on the column. 

Electrophoresis was performed on a Savant flatplate 
apparatus using Whatman No. 1 paper and 0.1 mol sodium 
borate at 1.5 kv, 30-35 mA for 90 min. The movement of 
the spot was around 17 cm toward the anode. However, sepa- 
ration was not accomplished. 

Finally, separation was attempted using a Beckman 
Model 120C amino acid analyzer. As seen from the Fig. 16, 
the crude product showed the presence of a substance which 
gave a strong ninhydrin reaction but which was not indica- 
ted by the pmr spectrum (Fig. 12A). One recrystallization 
effectively removed this material to leave two components 
which are not completely separated. It is apparent from 
the relative intensities of the signals that the major 
component (equatorial C-methyl group) moved down the column 
somewhat slower than the isomer but complete separation 
was not achieved. The results confirm the assumption that 
thesproduct 1S.a binary mixture as sis sinterred in the 


interpretation of the pmr spectra. 
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Fig, 1€. Plots obtained on examining the crude 
product of 2,5-dideoxy-5-C-methylstreptamine dihydrochloride 
and crops from recrystallizations from ethanol-diethyl 
ether using an amino acid analyzer. 
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